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FLIGHT   ISV3STIGATIOP   0? FACA     Dg     OO'v'LIEOS   08  1KB 

XP-42  AIRPLA.1T3.      I   -   HI&H-i:TL37-TBL0CITY 

OOWLIIIO  WITH  PH0P3IL3R  CUJPS  T3STED 

IH  HI3H-SP33E  I.3V3L   FLIGHT 

3y T.   J.   Bailey,   Jr.,   and  J.   Ford  Johnston 

V SVMKABT 

Kesults ire presented of a series of flight teBts of 
tin: maximum sr>oed and coolin-; character ist i cs in full- 
throttle lev.-;! flight of the XP-12 airplane equipped with 
a short-nose hi^h-inlet valocity cowling.  This cowling 
is op.'i of a series bain;:: tested in an effort to improve 
the performs'nee and coolin;; characteristics of air-aooled 
engine installations. 

The rosults of the tosts indicated n maxiauu speed of 
336 miles per hour at 560 horsepower at 15,000 feet. 

Pressuro Lieasurer.:onts in t*.o entrances to the cylin- 
der 'b.iffloB showed a t'airly uniform distribution of pres- 
sure around the engine at similar points of measurement 
on individual cylinders tut indicated that coolins-air 
pressures vpriod considerably Tor different points of 
BOIS Jen,', on tha ea.no  cylinder.  The variation was prob- 
ably duo to t'e valocity head of the entering cooling-air 
jot.  Static pressure behind thu engine was unifcro. 

. Front pressures on the engine avoragod 80 percent 
and rear pressures ?9 percent of free-strosin impact pros- 
sure.  Tho rosltln«; pressuro drop of 15 inches of water 
nt full tarcttlo at 15,000 fcot cooled the cylinder hoada 
rdoov.rt lr; maximum eylindor cn.so tompurnturos, howover, 
exceeded the specified Halts i-'hen corrected to Army sum- 
mer conditions. 

Pressure measurementB in t':e carburetor and oil-cooler 
rtucte showed rans of slightly over 100 percent of free- 
stream impact prereure.  Air-flow measurements in the car- 
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buretor duct and In the snaulfr entrance to the engine 
compartment showed that the voluce floWB of induction and 
coolii-g air were a^nroximately constant at full throttle 
over a ra%e of altitudes near the critical altitude and 
were, respectively, 2960 and 19,900 cubic feet of free air 
Der ...i..ute. 

IKTR0DUCII0H 

The national Advisory Committee for Aeronautics is in- 
vestigating ..:eans of luodif yin^ the conventional KACA radial 
engine cowling to naet the demands ir.:-osed by the latest 
designs of uilitary airplanes-  Tests in a number of the 
wi..d tunnels have been directed toward Improving the cowl- 
ing in the following respects: 

1. Greater stability of tie  iir flow within the cowl- 
ing, particularly at angles of attaclc corresponding to the 
climb co!-dition, to provide a uniform cooling-air pressure 
in front of tue engine 

2. Reduction of energy losses in the cooli.ig air in 
frout of the engine by the use of p.n efficient diffuser 
between the inlet and the frout face of engine 

Adequate ground cooli.-g characteristics 

4.  Improvement in the external shaoe to reduce drag 
and to increase the critical s:ued of the cowling 

The NACA  D-series coiliu- a have been developed to 
meet these requirements.  The  D  cowlings are character- 
ized by the use of a.cowling inner ii..er ai.d of an after- 
body behind the spinner.  These units form an annular en- 
trance followed by a diffuser section mnde up of the after- 
body and inner liner.  Investigations s"ch as reported in 
references 1 and 2 have indicated desirable ranges of 
coolinfe-air inlet velocities, diffuser proportions, and 
external contours. 

\ 

In order to expedite incorooration of these new fea- 
tures in projected designs for military aircraft, the 
HACA is conducting flight tests of the Curtiss XF-42 air- 
plane fitted with several engine installations utilizing 
the latest developments of the HACA cowling and individ- 
ual clinler jst e::'-i * at stacks   (reference i). 

? 



v4 

Iho XP-43 oirplp.no 1B powered by .«i Prntt & Vhltnoy 
1330-31 engine.  AB originally furnished with the airnlane, 
this engine carried an extension shaft that elaced t-e 
pro/oeller ?0 inches ahead of the noraal position.  She 
first of ti.e cowlings included in the series of tests was 
äatlg&ed for this long-nose engine and represented a com- 
plete redesign of the cowling furnished wit".: tee airpla:ie. 
She development of this cowling in the full-scrle vind 
tunnel 13 describe! in reference 2 and the flight-test re- 
sults are presented in rofersneo 4. 

The present report is the first of a series of re- 
ports on the ehert-ncs'0  (£3)  ecvlin.;s and contains tho 
results of tests in the high-speed lovel-flight condition 
of tho high-lnlet-volocity ccvlin :, which was designed 
for the short-nose Prntt &   Whitney 1630 engine.  This cowl- 
ing was tested en tho XP-4E airplane by replacing the nese- 
ostenr.ion shaft of ti.e 1930-31 engine with a shaft of 
standard size. 

1     . 
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For convenience, test numbers have bees assigned oach 
cowlln- nrrango-ont and flight cendition.  losts 1 and 3 
were tho high-speed and climb tests of tho lcn^-noso coal- 
ing and tost 3 is the Investigation on the short-noso 
co'-rllng reportod horoin.  Further identification has been 
Riven by prefixing this teet nuubcr to tho numbor for a 
pnrtlcular flight, which "as arbitrarily assigned.  For 
expnplo, flight 3-6 Indicates flight 6 in which the air- 
plane vac In tost condition 3. 

It was necessary to defer the final part of tho tests 
of this cowling, involving determination cf Its ceding 
characteristics in climb, until the sehodulod high-spaed 
tests of other prr anc"oir.ont s had been completed and the In- 
adequate cowl flap Installation could be modified as in 
reforoneo 4. 

Tho design of tho cowling an 
a pro.jeet of t:.e Alr-Coolod 3ngin 
tloncd r,t the Laboratory. Tho me 
clptod with thiE project Included 
tho Curtlss Wright Corporation; K 
Republic Aviatim Corporation; Hr 
the fright Aeronautical Corporati 
Thompson, of Pratt & Whitney Airc 
mnnd, Army Air Forces sponsored t 
plied tho XP-42 airplane. Tho Ai 
Curtiss-'n'right Corporation handle 

d ongino Installation wee 
o-Inn illation Group sta- 
mbors of the group asso- 
Mr. Howard S. Ditsch, of 

r. Potor Torrnec, of tho 
William S. Hichards, of 

on; and Mr. James B. 
aft.  The U'toriol Corn- 

he investigation and sup- 
rplane division rf tho ' 
d tho constructicn as 
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well ns tha structural and detail 4er.ii.-n nf the cowling, 
and nupplied personnel to assist in the servicing and 
maintenance of the airplane nnd cowling durin-- the teats. 
Pratt & Whitney Aircraft prepared the engine and torque 
meter for the tests and assisted in the operation •nd 
servicing of the engine.  The propeller, cuffs, and spin- 
ner were eupplied h;' the Propeller Bivisitn of the Ourtiss- 
Vri.'ht Corporation, 

Thin roport was originally issued as a memorandum re- 
port for the Army Air Corps. 

XP-43 AIEPLA1TE WITH SH0HT-:I0S3 COVLI.TC- 

The XP-4P. airplane is idei.tienl with the P-3S airplane 
except for the fuBela^e fniriitC oehind the cowling nnd the 
inatallatlon of its Pritt 4 Whitney 1S30 engine with its 
higher critical altitude ratia,-;.  The power rating of the 
engine in as follovis: 

Brake Engine Altitude 
horsepower speed 

(rpm) (ft) 

Tako-off 1050 8550 0 
Normal rrting 1000 8300 8,500 
Hormpl rating 1C00 3450 11,500 
Military rating 1000 3700 14,500 

The online has a single-stage Blower with an impeller- 
drive rntio of 8.47:1 r.nd a propoller-drlvo rr.tio of 9:16. 
The ongiuo-c.ylindcr hnfflos wore reworked to minimize the 
leakage of ftir between adjoining hnffles end to direct the 
cooling: air on tho cylinders in an officiont manner. 

Thn 10-inch-diameter oil coder furnlehed with tho 
enfjino was replaced "by an 11-inch U.A.P. cooler with the 
same core depth of 9 inches.  Individual jot exhaust stacks 
wore ur.od in Dlnco of the standard colloctor ring.  Thuso 
stacks are made of 0.049-inch stainless-steel tuoin,j of 
3 
2—-inoh outside diameter.  Tho ends of the stacks wore 
8 

flattened to reduce the internal area fro« 4.05 to 3.98 
snu.iro inches. 

\ 
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Bitted 'both to r>   gngo in the pilet's cockpit nnd to nn 
IIACA pressure rocordep having n  rin/;e of 400 pounds pur 
squaro inch.  This lnstallatien permitted both visual *nd 
recorded Indications of the torgue delivered to the pro- 
peller.  This rocord, In conjunction with thd ongino- 
spacd rocord, permitted calculation of the br«iko horse- 
power delivorod to the propeller =t my tine during the 
flight. 

Engine speed w«\s recorded by mannt "f ••» revolution 
counter toed off the tachomotor drive.  At evorjr 200th rev- 
olution of the engine, • contact w-is made that oper»tcd i 
eolencid "nd innde n mirk on tho -irspeed film.  Since n 
chroncmetric timer was ilso used to mnrk the film every 3 
soconds, the time for 200 revolutions cculd bo enlculatod 
from tho rolitlve distances "long tho film of onglno speed 
und timer m-rks. 

All t 
couples co 
es to n   tw 
tions of » 
by in I c o - 
turo.  Tho 
figure 9. 
concealed 
froa the c 
that each 
seconds. 

ompor^ture records 
nnected through tw 
o-eell recording 
11 thermocouples w 
ind-wtor bnth to 
lcids to tho cold 
The ocx contnlnln 
by the felt wraptii 
ockpit temperature 
tempernture was re 

wore mndo 'by men 
o 34-positlon rot 
"lvinoaot;r. Tho 
ere placed in pin 
keep thorn -t cons 
junction box nro 

r, the lee-and-wat 
ng used to insula 
s. The switch sp 
corded about once 

ns of thormo- 
iting switch- 
cold Julie- 

ts surrounded 
t-r.t tempera- 
shown in 

er bath is 
te the hath 
eed was such 
every 45 

All cylinder-head and barrel temperatures were meas- 
ured, the heads by means of gasket-type thermocouples un- 
der t'.e roar spark plu<je, "nd the barrels By means of 
thermocouples poened into the flanges at the roar center 
line.  Other temperature recordings included: 

Intake mixture at intake ports of cylinders 5 and 10 

Front and roar sparfc-rclug elbows of cylindors 1, 7, 
and 11 

Right nnd left magnetos 

Fuel en suction and pro-sure sides of pump nnd In car- 
buretor float chamber 

Mixture at supercharger blower rim 

• T 
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Oil out 

Oil-in Una 

?roe air (under left vlng outside slipstream, BOO 

figs. 10 and 11) 

Air just ahead of eeroon In carburetor scoop 

Air at entrance tc engine erinpnrtnent 

Bcgino cooling sir ^hcad of cylinder 1 Rnd between 
cj-lindcrs 2 and 14 

Bnginc cooling sir 3 inchoe behind cylinder 1 and 
three fin spaces above bottom of head 

Air at oxit fro..: oil coolor 

Accessory conpartraent 

Pilot's COCkT-lt 

Recording instrument compartment 

An •».".d itional thorioeouplo was tilacod in a thormos 
•bottle (fig. 12^ contrining hot cthylcne <jlycol, the tem- 
perature of which was chocked with a mercury thormometor 
just before take-off and just after landing. 

üngir.o cooling, carburetor and oil-cooler air flow, 
as well as several additional irosBurc measurementB• were 
ma3o by Tioane of an ITACA multiple recording manometer in 
conjunction with twelve 9-pcglticn rotating proi-suro 
switches, which made possible the recording of 108 different 
procures within about 30 roconds.  The installation of the 
nanometor and switclios is shewn in figuror 13 and 14. 

For the measurement of online cooling-air flow, three 
pro-sure rakus vore sot 130° apart in the r.nnulnr entrance 
to the online compartment.  JSaeh ri'-:,i consisted of fivo 
im-oact tubes spaced radially across the opunin.j pnd one 
static tube about 1 inch tc the side of the center impact 
tube.  figure 15 shows the right and left rakes. 

The pressure at the entrance to the cylinder baffles 
was measured by a total of 37 impact tuba« distributed 

I 

\ 

(I 



t> 

between cylinders 1, 3, 4, P, », 9, 10, 12, and 14. Bach 
cf these cylinders carried tvo impact tubes on the exhaust 
side of the cylinder, one about three fin spaces below and 
the other stout three fin spaces above the bottom of the 
head; a t:.ird tube was in the fins on top of the cylinder 
head.  In addition, cylinders 1, 6, and 1J had ispaet tubef 
similarly located on the intake sides of the heads and bir- 
rels and cylinders 3 and i   carried tubes between the top- 
most concentric head fins and between the lowest barrel 
fine on the exhaust sides of the cylinders.  Some of the 
tubes in the bafflcB of cylinders 9 .-\nd 10 rro indicated 
by arrows in figure 16.  The pressure rake Bhown was in- 
stalled after completion of tho testB reported heroin and 
preparatory to tests of a blower-cooled installation. 
Static pressure behind tho engine cylinders was measured 
by opon-ond tubes sheltered fro-i direct air flow behind 
and Just bale« oreh of tho nine cylinders on which the ira- 
T)«ct tubos were placed. 

Tho air flov «nd tho ram to thj carburetor wore de- 
termined by moans of *  rake (seo fiö. 17) cf five impact 
tubes en the vertical center Una of tho scoop about 2 
inches behind the center line of the rear cylinders ar.d 
three static tubes about 1 inch to thr> Bide of the impact 
tub-is.  Holes flush with the top and bottom vails of the 
duct save the static pressure in the boundary layer.  Con- 
nections were also made to the carburetor impact-pressure 
tubes below the screen and to the pressure in the float 
chamber, beyond the Altitude compensator. 

. W 
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Pres 
mea aured 
disposed 
their ope 
of the oi 
1 inch be 
2 
vertical 
to about 
trailing 
tive loca 
eated in 

sures in front 
by means of th 
along the vert 
nings being ab 
1 cooler.  Thr 
hind the rear 

center line, a 
20° of yaw was 
edge of the ol 
tiens of point 
figures 6 and 

of the oil cooler (fig. IB) were 
ree impact and three static tubes 
ical center line of the oil cooler, 
cut 3/4 inches in front of the face 
ee imrcact tubes ml placed about 
face cf the oil cooler, also on the 

nd a shielded Impact tube accurate 
set in the exit air stream at the 

1-eooler flap (fig. 19).  The rela- 
e of pressure measurement are indi- 
20. 

( 

Additional pressure measurements include aceessery- 
compartuient, recording-instrument-compartment, and pilot's- 
coek-oit pressures, as well as free-stream impact pressure. 

All impact and static tubes to the mnnometer were of 
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•1-inch   copper tubing,   0.06-ineh  inside  diameter,   with 
8 
lends net lees th°n 13 nor more than 15 feet long. 
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Attempts wore a"do to moasuro the fuel flow to tho 
ongino by two separate, methods.  Ono method was by the uso 
of -n NACA recording flowoetcr Installed in the fuel line 
between the pump and tho carbureter; tho other was by 
mo'suring tho pre a sure drops "cross the miin and ocrnrmiiser 
Jets In the carburetor, which had been calibrated previous- 
ly on the flow bench.  Analysis of the drta subsequent to 
the teste indicated that neither method gave satisfactory 
results as installed, and no fuel-flow data are presented 
in this report.  It is thought, however, that further de- 
velopment will result in caking one or both of those meth- 
ods of fuel-flow measurement satisfactory and may permit 
reclamation of the data obtained in these tests. 

TflSX FaOCUDUHS 
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The typical urocedure uaet' for testing high spaed and 
cooling pressures may be seen from pa Inspection af the 
time histories of the flights (figs. 23, 33, and 34).  The 
pilot Bade a gentle ellab to approximately the rated crit- 
ical altitude of tho engine (14,500 ft), thon leveled out, 
closed the co'-l flaps, and want to full throttle at 3700 
rpm in the automatic-rich carburetor sotting.  Aftor reach- 
ing constant s-ooed, the pilot switched on th« maneaotor 
and fuel flowmeter for about 40 seconds, or for slightly 
more than one cycle of the rotating pressure switches. 
(All other recording instruments were left on from take- 
off to lending.)  "he interval thus covered was consid- 
ered to he the "run" for purposes of determining the high- 
speed and cooling characteristics of the airplane at that 
altitude and power.  Upon completion of the run, the pilot 
would climb to the next altitude (usually about eOO ft 
higher) and make another run of the s.«ra« type.  In each 
of the flights for i.lgh speed, runs ware sade at faur al- 
titudes. Tier   tho last flight with the modified cuffs, one 
high-speed run was made at an indicated rltitudo of 17,000 
foet in rutonatlc rich, after which tho crburotor-mixture 
control wps changed to full rich "nd then loaned out pro- 
gressively in order to find whether » higher power could 
bo stt«.inod with - different alxturo.  When tho mlxturo 
w-s changed ;'roa autcmntlc rich to full rich, tho torque 
dropped 15 percent ^t conet-nt cngino speed; whon the 
mixture vis leaned, the toro.ue rose hut started to fall 
off again after almost reaching the vr.lue obtained In the 
automatic rich setting.  As It was not considered safe to 
le-n the mixtures below the point at which the torque 
started to fall off, the pilct immediately set the mixture 
control back to automatic rich and ended the experiment. 
A subsequent study of the relative fusl-flow data indicat- 
ed, however, that the rate of fuel flow to tho engine dur- 
ing manual mlxturo control wn? never as low as tho rate of 
fuel flow in automatic rich; the unexplored region was in- 
dicated to be of the order of 70 pounds of gasoline per 
hour.  The fuel-flow records also Indicated that the mix- 
ture was becoming slightly richer, rather than leaner, 
during the lPBt part of the prrlod of aanual control. 

RESULTS 

' In figures 33, S3, and 24 are presented time histories 
o; th9 main high-speed flights, giving the recorded pres- 
sure nltltude; Indicated airspeed; manifold pressure; 
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toroue; angine epiöflj tnf.  hs-nd, bnrrel, rnd ot^6r selectod 
tairncrituros during tha flight.  X:ie brake horsepower as 
calculated from the tornue and <.n(;liie-ii!)eed curves ie al.:-o 
given. 

The periods or eteaiij lov<;l flight at different al- 
titudes during which the high speed WB being measured 
pro indicrtel on the time histories.  Tie d«itn uertinent 
to the deteralnntiea of ..'.pxii'in e*>oeä that ware recorded 
during t^ese runs TO plotted to in enlnrgod seile in fig- 
ure 2i>.  The values of maximum speed and pear caleulited 
from these ditto for »AOn run "re given in t*blu I ilcag 
with simultaneously recorded data on engine temperatures 
•>nd cooling and induction air pressures. 

. *• 
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The relation between the observed variations of power 
and snaed with altitude shewn in figure 26 is most easily 
understood by consideration of the equilibrium of power 
required and newer available In steady lovol flight.  Un- 
der those conditions 

3 78 
= T,  bhp 

52.73 (*) 

(i) 

(2) 

•         

•\ 

"» I 

i 
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where 

D    over-all drag of airplane, pounds 

V    true airspeed, miles ptr hour 

T|   propulsive efficiency of propeller and oxhaust 
stack combination 

bhp brake horBepo»er 

S wing area, square foet 

0j3 drag coefficient of airplane 

or dennity ratio 

It ie immediately apparent that, for full-throttle 
level flit;ht nt and slightly above the critical altitude 
of an airplano of normal r>BT>2Ct ratio -\nd ving loading 
and a propeller chosen for «;ood high-speed performance, 

the value of the parameter  5T.73 (RQ '• should bo vlr- 

ti- 
rved 

tunlly un-.ffoctcd by moderate changes In vaight cr nl 
tude.  Values of this pirnneter deduced froa the obsc 

values of  V  and  -—*  for each run ara plotted agilnst 

density nltitudo in figure 37.  As expected, little v»rii- 
tion with altitude is apparent, 

Undor tho conditions just described, the p.TTiet or 

,'bhpN1 /3 
17]    would also be expected to remain essentially con- 

stant o\*or the altitude range eovorod by tho testB.  The' 
noasured values of this parameter, <*hich are *lso slotted 
pgainst density altitude in figure 87, confirm this expac- 
*.   _ 1. J  t*tion. 

One important phase of the present investigation in- 
volves co:-iparison of the high-speed performance of the 
short-nose cowling and exhaust stack arrangement with that 
of a similar long-nose version tostod previously on tho 
.-_. -,_-i /__.. A\      T«. ,.. .. .;.- i   »_J 
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sta.llatIons.  In ordar ti provide such ^ conp-rrlson, equa- 
tion (2) In thu niodiflod form 

(^Ls\ - (JL\naa:\ 
\SZ.7Zj \S0n/' V   V  J 

(3) 

Is prosonted graphically In figure 28.  Points represent- 
ing tho hlgh-spoed performance of the various airplanes, 
nil of which have tho sa;.ie wing "to", «rn rpotted In thlB 
•figure.  Tl.o location of n point on tho figure l=.modiato- 
ly IOVO'IH rot only the -aasinuti sperrt of tho afrplino hut 
rise the -lannor hy which that spec! 1B attained; th"t is, 
hy power, supercharging, "«4 *":: "8 indicated hy tho or- 
dinato scale, or hy porcdyr.nr.ile rof l&OBCBt, as indicated 
oy tho ahsclssa scale. 

Within ro«sonahlo limits, the figure r.iay he used for 
aevoral purpoaoa.  Primarily, It provldeB a ready method 
for determining the effect on maxlmun speed of changing 
the critical altitude of nn engine installation hy either 
supercharging or ram, :r hy reducing preheating of the ' 
carouretor rlr.  rf'ien the corresponding changes in the 
weight and tho propulsive efficiency ere small, the effect 

on the factor -~k~    »til %• negllglhle.  The ahscissa of a 

point on the figure nay therofore he assumed to remain 
constant while the Ordinate is shifted.  For inrtanoe, 
for purposes of comparing the cleanness of tho two instal- 
lations ir. terme of speed at the same horsepower and al- 
titude, It might he assumed that the Induction system of 
the long-nose "P-42 could he modified without lncrer>so in 
drag to get the sane high raa ?i obtained vlth the ahcrt- 
nosu XV-*',:,  In tJi.it case, as the same engine was used in 
Doth installations, the ohsei'vod points for the long nose 

would ho shifted uiwnrd to the same average value of —— a 
as WRB obaarvod for the short ncae; and the long-noB« in- 
atallation would ho expected to attain a mrxlauc apoed of 
351 miles par hour, compared with tho ohaorved maximum 
epeeda of 336 miles per hour for tho short nose and 338 
miles por hour for the long nose.  She chart shows then 
th"t tho cloannoaa of t-io long-r.o«o lnatallation la not 
fully exploited hoeaueo of losses in tho Induction Byatom. 

the comoarlaoa may he extended to include the V-36A 
and V-4C0, with lialtatlone to he nrted later. Inasmuch 
ae the englnea of all t-ose airplaaea h.-vc been rated at 

(tl 

I 
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1050 horsenower nt various altitudes, it mny be assumed 
that the radial engines could be supercharged to 1050 
horsepower at 15,000 feet, or, in other words, to the same 
power ml altitude as that of the P-40C.  The comparison 
wsuld then Fhow: 

\ 

Observed maximum t'-ximum eneed at 

Airplane speed 

(mph) 

1050 hp nt 
15,000 ft 

(nph) 

P-40C 347 347 

XP-4" Ions nose 338 352 

XP-43 short nOBe 336 347 

P-36A 313 335 

ThiB c 
The englno 
by nn enein 
quo stion 
to cool the 
rating ne * 
effect of t 
by the fret 
eomnarablo 
been remove 
per odynamie 
hive been 

emparis 
powers 
e t orqu 
Some nd 
F-35A 

he P-4C 
he en^l 
that e 

because 
d i nd b 
refine 

"de on 

on 
of 
e m 
dit 
and 
C e 
ne 
the 
th 

ec- 
men 
the 

ie   subject 
the P-?6A 
i. t e r T.d « 
lennl cool 
the XP-4 2 

nf_ine. Co 
installati 
r sources 
e eun inst 
use, on th 
te, such a 
P-40C. 

to certai 
and P-4 00 
re therefo 
ing pover 
engines t 

mparleon o 
on is furt 
of drag «r 
R1lations 
e other ha 
s the land 

n 11 
were 
re o 
woul 
o th 
f th 
her 
e no 
on t 
nd, 
i»r?- 

mltntions. 
not measured 

pen to some 
d bo required 
e same power 
e aerodynamic 
complicated 
t strictly 
he XP-42 had 
some detailed 
(•«* fairing, 

The comparison, however, does appear to indicate that, 
by use of individual jot exhaUBt stacks «ad a high-inlet- 
velocity covling, the installation of an alr-caoled engine 
Eay be made to compare favorably with a conventional liquid- 
cooled engine installation. 

• 

I u 
Pressures and Temperatures 

The variation oi" cylinder temperatures «rr nd an en- 
gine is influenced by a number of factors, such ,as nun- 
uniform charge and mixture distribution, that are in no 
way a function of tho cowling dosign.  Unless the effect 
of there factors can >; determined, tho merit of a cowl- 
ing designed for general Application oannot bo reliably 
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evaluated by moasuromonts of onglno temperatures -lrr.. on 
a specific application.  Tor this reason, primary ompha- 
ric In the present t.r-ts hn s boon centered on determining 
the extent to which the type of cowling under considera- 
tion provides <•  high, uniformly distributed pressure over 
the front of the engine and a suitable, uniformly distrib- 
uted pressure over the rear of the engine. 

Figures 29 to 31 present the results o 
and temperature measurements In a graphical 
the distribution of bcth pressure »nd tenpe 
the engine for several typical runs. Those 
that, while oressoroi at tho baffle sntrane 
"hat with the location of tho Cylinders on 
measured, they vary even norj critically wi 
measurement on tho individual cylinder. V>, 
around tho angine, of tho front pressures r 
ticular locations in the cylinder baffles a 
table II. They Indicate a deficiency of fr 
at tho top of tho heads of tho front cylind 
bottom of the barrels of both front and rea 

f the pressure 
form that shows 

rature around 
data indicate 

os vary JOM- 
which thoy are 
th the point of 
luos, averaged 
ocorded at par- 
ro given in 
ont prossurs 
on and at tho 
r cylinders. 

In the typo of cowling under ronsidoration, in which 
cooling air Is introduced to tho engine compartment through 
a fairly narro" annular opening, tho front pressures on the 
«ngino, and particularly en tho front cylinders, may bo ex- 
pected to vary up and down tho eylindor with rospect to 
tho location of tho entering jot, tho magnitude of tho var- 
iation donendin.; upon tho velocity of tho jot and tho dis- 
tance of the cylindor behind tho jot.  If spaco pormlts 
tho uso of a well-designed diffuser soction in tho onnulus, 
tho Jot ontoring tho engine compartment »•ill have ncgllgl- 
blo volocity head and turbulent losses will also bo negli- 
gible.  The rosult should then be a high uniform prossuro 
on tho front of tho ongino, tho prossuro being equal to 
th-<t in the annulus.  If such a diffuser Is not or cannot 
bo used, it may rcason-bly bo expected that tho maximum 
variation of front prossuros will not exeood tho differ- 
ence between the impact pressure and Btatic prossuro of 
tho nlr it tho exit from tho diffusar, or, tho volocity 
hoad of tho Jot.  It is interesting to note In this con- 
nection that tho lowest pressures measured in tho baffles 
wore approximately equal to tho mcasurod static prossuro 
in tho annulus and that nono of the front -orossuros wero 
aB high as the lnpaot pressure in the annulus.  Tho aver- 
age prossuro on tho front of tho engine was approximately 
0.13qfl lower than tho avorago Impact irossuro in tho annu- 

lus (qc,  airplane impact prcSB.). 

. -- 

\ 

( 
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The |oier«l trend of pr 
engine indioatos th-t the hi 
on the botton of the engino; 
eures occurred on the right 
the engine. When ••verp^e pr 
runs pre plotted for eneh co 
ment• «s in figure 38, it is 
following this trend are the 
With the exception of cyllnd 
sure on the s<ide of the ho°d 
«round tho engine. The pre? 
Inder 3 vure directly bohlnd 
dult *nd probably l»y in its 
usually .thor obstructions, 
cibloe, in front of tho othe 
lnr .-e is tho conduit. Thes 
»ccount for some of tha obso 
suro between tho »inulas and 

oseuro distribution around tho 
jhest front pressures occurred 
whereas the lowest front pres- 
and the left upper sides of 
essuros over ill high-aneed 
mmon point of pressure aeneure- 
seen that the only points 
pressures on top of the heads, 

er 3, the distribution of pres- 
s "nd b-rrols w«s uniform 
sure tubes on the side of cyl- 
a largo ignitIon-cable eon- 
wnkü.  Although there vorc 
such -B push rods and ignition 
r pressure tubes, nono wore so 
obstructions, hovn'-.r, may 

rvod differanec in total pros- 
the engine. 

Individual cylinder teciporaturoB 
->ncy to correl*to vith tho pros sura dr 
vldunl cylinders.  It may bo noted in 
although prossuroB over the top of th-j 
heads wore lower than those ovor tho t 
thu 'rent head tenper»turcs wcro lower 
roar hoads.  In this en so, the observe 
of the front heads may provide errcneo 
•••he »ir flow, because the tops of the 
pressure tubes were located, were abov 
but the lrwer halves of the fins were 
from tho annulus.  (See "ig. 6.) 

showod littlo tond- 
ops across tho indi- 
p-rtieular tnat, 
front cylindar 

op of tho roar hoads, 
than those of the 

d prer-sures on top 
us Indications of 
fins, where the 
e the direct air Jet 
exposed to the jet 

An inspection of the cylinder temperatures around the 
engine shows that the ri^ht side of the en^ino was cooler 
th*n the left.  The left cylinder hoads were on the aver- 
age, about 35  ? hotter than the right, and tho left cyl- 
inder b><ses wort! correspondingly about 10° 7 hotter than 
the right.  The front base tomperaturos wore slightly 
higher th->n the rear base temperatures.  There is no «p- 
porent explanation why the loft sldo of tho engine was 
hotter than the right, because front and roar cooling-nlr 
prossures were nearly uniform. 

In fi,:ruro 33 nverago head and b»rrol tompjmtures in 
°T above free-air tempcraturo TO plotted, "long with the 
cooling-air prossuro i'rops, averaged ever tho engines, for 
full-throttlo operation over H r^ngo of density altltudos 
above tho critical.  Also shown are tho brake horsopowor 

-\ 

I 
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and manifold pressure.  The change fron the original cuffs 
(flights ~-B and 3-9) to the modified cuffs (flisht 3-10) 

•produced little R-nparart ehenge in any of the quantities 
•hewn.  Although individual pressure« and temperatures 
showed little correlation, the variation of average pres- 
sures and temperatures was consistent. 

A considerable rlso In cylinder temperature? at alti- 
tudes above critical r.ltitudc appears te have rorultec* 
from the not effect of decreasing power and decreasing 
pressure drop.  An important probable factor In this tem- 
perature rise, however, wag the docreasc la fuel-air ratio 
as the manifold pressure decreased it -Iti'ud. sabovo the 
critical altitude.  I he no-or e-mpensa'ion of this carbu- 
retor d.-ponds upon th- manifold pressure. 

The recommended limiting temperatures 
used in thoso tests wore 50C T for the cyl 
and 335° P for the barrels at the points of 
ured. Ar.-ay specifications require that the 
be cnabl.: of operating within these limit* 
uadjr " eunr.jr conditions," that is, sca-lov 
is 10CC ? pnd the Variation of toroi; :rntur j 
altitude is 3.6° F per 1000 feet. For corr 
those air conditions, a 1:1 toiporaturo c 
tor is specified for both heads and barrels 
shows the obsorved head and barrel tonporat 
tlon to thriio Army Halts. It is i mule a i a t o 
that, although head temperatures «or.: rolat 
Eaximum barrol temperatures exceeded the Ar 
r.bovn critical rltltude cv^n though the eng 
ing below its ritod military power. A rodi 
"Vailabio cooling air to provide Bore press 
of the cylinders would probably correct tLi 

for 
lnd 
10 
in 

ng 
ol 
wit 
001 
orr 

uro 
ly 
IV 
BJ 
in 
str 
uro 
e c 

the engine 
or heads 
asureaent 
stallst ion 
temperatures 
temperature 
h pressure 
lag teste to 
.cklon fac- 
Tijur; 34 
s in rela- 
a-oparont 
Xj  low, the 
lir.lts -t and 
was op :rat- 

ibut ion of 
at the base 

ondition.* 

Flguro 35 preser.ts a comparison of the average pres- 
sures available at several locations in the cowling. The 
highest prefsures wero obsorved in the carburo'.or duct, 

Subsuouent testa on the same engine and thermocouple In- 
stallation In another Bhort-noso cowling showed that a re- 
duction of 15  P in the taaporatura of tho base thermo- 
couples could bd obtained by removal of the baffle sealing 
strips between the barrels at the bottom of the cylinders. 
Tho sealing strips are a special featuro of the particular 
bafflo arrangement orovided by Pratt & Whitney Aircraft 
for tho engine used in this Investigation and «ro not präs- 
ent in tho standard bafflo installation for 1830 engines. 

1 
f 

\ 

i 
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whore the averse pressure was about 104 percent of free- 
stream impact' pre ssure.  This result indicated that the 
cuffs were lop.deft even in the hi<»h-8peed condition.  The 
difference in average pressure between the carburetor duct 
and the annulus is largely chargeable to the boundary- 
layer effect on the spinner; whereas the difference be- 
tween the annulus and the front of the tagiMa as has been 
noted, was probably caused by turbulent losses in the rapid 
expansion fron the nnnulUF to the englno coapprtsient .  The 
larce boundary-layer effect on the inner edge of the annu- 
lus, which forms a continuation of the spinner, may lo ob- 
served in figure 3G, which shows the average -nrossure dis- 
tribution in tie annulus ar.d i:i the carburetor duct.  The 
data in table I on impact nnd static pressures at the sur- 
veys in the annular entrnnce to the engine compartment in- 
dicate that the ratio of the velocity head at any point in 
the survey plane t: froo-stream impact pressu.ro remained 
essentially constant ever the range of pover, altitude, 
and anglo-of-attacle conditions covered during the full- 
throttle l-igh-speod runs.  ?rom the faired curves of tho 
ratio of impact and static pressures to froü-'tröni impact 
propsuro, rv,.raged for all t'irco surveys and all high- 
speed rur.s as showi in figure 36, it ha» boon found that 

outer trail 

inner vrll 

PsTs 
dA = 0.64C 

whero 

1     2 

P. 

dynamic pressure at surveys, pounds pur square 
foot 

airplane impact prossure, pounds per square foot 

area of ->nnular entranco at survey, snunre feet 

air density at survey plane, slu^s per cubic foot 

air velocity at survey  plane, foet Tier second 

2    . 

. <*• 

\ 

6 
The  mass   flow  of  air  to  the  engine   is 

p8VBA  =   0.640 y 2psqc 
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r E «A 

fa 
• 0»«40 

Pfa  i« 

le&perature inf pressure menBireaentB at tr.o surveys lndl- 
c te that the density nt the surveys rng^ei from 4 to 6 
percent above free-air density so tent 

Volume fl»w = 0.838 /—- 

Inspection of I owe ti.et, within the limitf of 

experimental error, the value of  / ——^  nay be taken at 

' pfa 
35"? nt «11 altitude« covered by the tost«.  Hence, the 
flow of Csolin»: €>ir to the engine war 331 cubic feet of 

••ir per second, or  19,860 cubic feet of free air per 

Sv' ir   n similar Banner, the data for tho flow . In the Carbureter uuct indicator that 

vOlujOo- flow = 0.138 /'a 

cubic feet pax   second 
/  pf« 

r  3960 c-jbic  fte-t   of  faro«   air  pmt minute 

Inasmuch  AB  the  ratio   of horsepower  to   denrity vas 
constant,   this  result   lead's  to  the  conclusion  that   tho 
specific  air  consumption  we  also  nearly   ecnstnnt   at   8.9 
pounds  por   brake  hcrs;pcwor~hour. 

CQUCLU8I0JJS 

|     I   .i' blffb-opeod level-flight tusts   cf i    i i   .....     ii   i.   1 ulot-voloclty  cowling with 
froj. Ciu   an   thu  Xr-41 airplane.     Those  results   nro 

..4"d   for  Hu.   In  comparisons  with  other   cowlings  i-.ostefl 
-u  t ii ^   sine  airplane,   -ind  for  this  reason  tho  d*t«   ob- 
tiin.d  have   u.uu fully protenta*. 

V 

•\ 
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1. The observed «irplano maximum speed vr> s 3?6 miles 
par hour n.t 930 horsepower it 16,000 feet density altitude 

2. Cooling-iir pror.sure recovery on tho front of tho 
engine ivernged stout 80 percent of free-streiE inpact 
pressure.  The pressure distribution was fiirly uniform. 

3. With 15 inches of water pressure drop across the 
engine, the cylinder head temperatures vere relatively 
lov, But cylinder base temperatures were slightly above 
their Army limit. 

•'« 
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figure 1 - front ?m of IP-43 airplane with abort-no»! hlgh-lnl«t-Teloeit» cowling. 

rtgur« 2.- Three-ouarter front Tim of the IP-« airplane with eaort-nooe hlgh- 
Inlat-Teloelty cowling. 
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Figur« &.-  side »lew of ths XP-42 airplane with ehort-noae hlgh-lnlat-waloolty cowling. 
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Figure 8.- Sensitive altimeter used in calibrating 
airspeed head. 
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Figure 9.- Thermocouple leads to cold-Junction box. 
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SAC A Figs.   10,11 
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Figure 10.- Free-air thermocouple and vapor-presaure 
thermometer. 
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Figure 11.- Free-air thermocouple and resiatance-bulb 
thermometer- 
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Figure 12.- Thermos bottle used as bot junction. 
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Figure 13.- 
Pressure- 
switch 
installation 
over 
manometer. 
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Figure 14.- 
Manometer 
and 
pressure- 
switch 
installation. 

Figure 17. 
Rear part 
of 
carburetor 
duct, 
snowing 
pressure 
rakes. 

Figure 19.- 
Rear 
of 
oil 
cooler. 
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